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Specification 

1. Name of Invention 
Thin Film Transistor 

2. Scope of Claim 

1. A thin film transistor comprising a semiconductor layer formed of polycrystal silicon 
or amorphous silicon, 

wherein an interlayer insulating film between a gate electrode and a display electrode is 
formed of a stacked-layer structure of two or more layers formed of at least two 
insulating films with different characteristics; 

wherein at least one or more layers of the interlayer insulating film has a charge holding 
capacitor sandwiched between a pixel electrode connected to the display electrode and a 
bottom electrode formed of a transparent conductive film provided under the interlayer 
insulating film; 

wherein the number of stacked insulating films is smaller in the charge holding 
capacitor than the interlayer insulating film; and 

wherein a thickness of the interlayer insulating film is thicker than the insulating film of 
the charge holding capacitor. 

2. The thin film transistor according to claim 1, 

wherein the interlayer insulating film has a stacked-layer structure of a plurality of kinds 
of insulating films with different etching resistance; and 

wherein the insulating films are combined so that a lower layer has superior etching 
resistance to an upper layer. 

3. The thin film transistor according to claim 1, 

wherein a first layer of the interlayer insulating film is a SiC>2 film formed by an ECR 
microwave plasma CVD method; and 

wherein a second layer is a SiC>2 film or a PSG film formed by a normal pressure CVD 
method. 

4. The thin film transistor according to claim 1, 

wherein the first layer of the interlayer insulating film is a SiC>2 film formed by the 
normal pressure CVD method; and 
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wherein the second layer is a PS G film formed by the normal pressure CVD method. 

5. The thin film transistor according to claim 1, 

wherein the first layer of the interlayer insulating film is a SiNx film formed by the 
plasma CVD method; and 

wherein the second layer is a SiC>2 film or a PSG film formed by the normal pressure 
CVD method. 

6. The thin film transistor according to claim 1, 

wherein the first layer of the interlayer insulating film is a SiC>2 film or a PSG film 
formed by the normal pressure CVD method; 

wherein the second layer is a SiNx film formed by the plasma CVD method; and 
wherein a third layer is a Si0 2 film or a PSG film formed by the normal pressure CVD 
method. 

7. The thin film transistor according to claim 1, 

wherein the first layer of the interlayer insulating film is a Si0 2 film or a PSG film 
formed by the normal pressure CVD method; 

wherein the second layer is a Si02 film formed by the ECR microwave plasma CVD 
method; and 

wherein the third layer is a SiC>2 film or a PSG film formed by the normal pressure CVD 
method. 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 

The invention relates to a thin film transistor which can be used as a driving 
transistor or the like of a flat panel display of liquid crystals, electroluminescence, and 
the like. 
[Prior Art] 

In recent years, an active matrix liquid crystal display using thin film 
transistors (hereinafter abbreviated as TFTs) has been actively developed as a next 
generation flat panel color display with a large display and high definition. FIG 2 
shows an example of an equivalent circuit of one pixel formed by an active matrix 
method. Reference numerals 21 and 22 denote gate wires of i-th and (i + l)th columns, 
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23 and 24 denote drain wires of j-th and (j + l)th rows, and 25 denotes a common wire 
of the j-th row, respectively. Further, 26 denotes a switching TFT of the i-th column 
and j-th row, 27 denotes a charge holding capacitor, and 28 denotes a capacitor of the 
liquid crystal itself. In the same drawing, the charge holding capacitor 27 functions to 
compensate the degradation of display quality caused by a leak current increased by a 
resistance reduction of the liquid crystals and an increased off current of the TFT. FIG 
3 shows cross sectional structures and manufacturing steps of a TFT with a conventional 
structure having a charge holding capacitor. A semiconductor layer island 302 formed 
of a polycrystal silicon film is formed over a glass substrate 301 (FIG. 3(a)). Next, a 
gate oxide film 303 and a second polycrystal silicon film 304 are formed by the CVD 
method over the semiconductor layer 302 and patterned by photo-etching to form a gate 
electrode shape (FIG 3(b)). Then, source-drain regions 305 are formed by ion 
implantation, thermal diffusion, or the like. Subsequently, a metal film of Al or the 
like is deposited and a first layer electrode wire 306a (a gate wire and a common wire) 
is formed by photo-etching. Then, a transparent conductive film of an ITO film or the 
like is deposited and patterned by photo-etching to form a bottom electrode 307a of the 
charge holding capacitor (FIG 3(c)). Subsequently, an interlayer insulating film 308 is 
formed and contact holes 309 are formed by photo-etching (FIG 3(d)). Next, after 
depositing a metal film of Al or the like, a second layer electrode wire 306b (drain wire) 
is formed by photo-etching (FIG 3(e)). Finally, a transparent conductive film of an 
ITO film or the like is deposited and patterned by photo-etching to form a pixel 
electrode 307b, thereby a charge holding capacitor is formed (FIG 3(f)). In the 
structure of FIG 3f, the interlayer insulating film 308 is used as it is as an insulating 
film of a charge holding capacitor. The interlayer insulating film 308 is required to 
have a sufficient thickness of about 1 \xm to prevent leakage between wires in a gate 
portion and a crossed portion and to secure sufficient pressure resistance. On the other 
hand, a capacitor film of the charge holding capacitor portion is required to be large and 
an insulating film of the charge holding capacitor portion is required to be sufficiently 
thin to obtain sufficient display characteristics and operation characteristics. (When 
capacitance about ten times as large as the capacitor of the liquid crystal itself is 
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compensated by the charge holding capacitor, the charge holding capacitor is required to 
have a capacitance of 15 pF since the capacitance of the liquid crystal itself is about 1.5 
pF when an area of the pixel display portion is 10000 fxm 2 . In the case of using a SiC>2 
film as the interlayer insulating film, the SiC>2 film is required to have a thickness of 
about 2500 A to realize this capacitance.) By the aforementioned reason, a novel 
technique is required to form the interlayer insulating film of the gate portion and the 
crossed portion sufficiently thick and the insulating film of the charge holding capacitor 
sufficiently thin. The easiest resolution is to form the interlayer insulating film 308 in 
FIG 3(d) and then make the thickness of the interlayer insulating film 308 in only the 
charge holding capacitor portion by photo-etching. However, a PSG film or the like 
formed by the CVD method is used as the interlayer insulating film 308 in general. 
These films have high etching rates against a fluorinated acid-based etchant or the like; 
therefore, it is hard to control the etching. Thus, it is actually difficult to finish etching 
with a desired thickness. 

As a method to achieve the aforementioned purposed without using the 
aforementioned method, Japanese Patent Document S58-106861 can be suggested. 
FIG 4 shows an embodiment thereof. First, a semiconductor island 402 formed of a 
polycrystal silicon film is formed over a transparent substrate 401 (FIG 4(a)). A 
surface of the polycrystal silicon is oxidized to form a gate insulating film 403, a second 
polycrystal silicon film is formed, and then a gate electrode 404 and a bottom electrode 
shape 405 of a charge holding capacitor are formed by photo-etching (FIG 4(b)). 
Subsequently, regions 404, 405, and 406 undergo impurity doping, then the interlayer 
insulating film 407 is formed over a whole surface by the CVD method, and the 
interlayer insulating film over the bottom electrode 405 is removed by photo-etching 
(FIG 4(c)). Next, an insulating film 408 of the charge holding capacitor is formed by 
oxidizing the surface of the bottom electrode 405 in this state (FIG 4(d)). The 
following steps are similar to FIGS. 3(d) to 3(f). By this method, the aforementioned 
purpose can be achieved tentatively. However, the insulating film of the charge 
holding capacitor is formed by oxidizing polycrystal silicon; therefore, a polycrystal 
silicon film is used as the bottom electrode 405 of the charge holding capacitor by this 
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method. Thus, transmittance of the pixel display portion is inevitably decreased. A 
method to deposit a Si02 film by the CVD method is also suggested as a method to 
form the insulating film 408 of the charge holding capacitor portion. However, in the 
step of removing the interlayer insulating film 407 formed over the bottom electrode 
405 in FIG 4(c), it is inevitable to use a polycrystal silicon film as the bottom electrode 
since the transparent conductive film of an ITO film or the like does not have resistance 
against a general acid, especially a fluorinated acid-based etchant which is used as an 
etchant of the interlayer insulating film. As a result, reduction of the transmittance of 
the pixel display portion cannot be avoided. 
[Problems to be Solved by the Invention] 

As described above, it is difficult by the conventional technique to form the 
interlayer insulating film in the gate portion and the crossed portion sufficiently thick 
and to form the insulating film over the bottom electrode formed of a transparent 
conductive film of an ITO film or the like sufficiently thin with good controllability. 
Therefore, it is difficult to realize a highly reliable thin film transistor with favorable 
display characteristics and operation characteristics with preferable yield. A purpose 
of the invention is to form the interlayer insulating film in the gate portion and the 
crossed portion sufficiently thick and to form the insulating film of the charge holding 
capacitor portion sufficiently thin with good controllability in the polycrystal silicon 
TFT having the charge holding capacitor using a transparent conductive film with 
superior transmittance, such as an ITO film. Thus, the purpose is to realize a highly 
reliable polycrystal silicon TFT with favorable display characteristics and operation 
characteristics with preferable yield. 
[Means for Solving the Problems] 

The aforementioned purpose can be achieved by forming a plurality of 
insulating films with different etching resistance so that a lower layer has a superior 
etching resistance to an upper layer, and forming an insulating film of the capacitor 
portion over the bottom electrode formed of a transparent conductive film of an ITO 
film or the like by selectively removing a portion of it only in the charge holding 
capacitor by utilizing the different etching resistance. 
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[Effect] 

By stacking a plurality of insulating films with different etching resistance to 
form an interlayer insulating film so that a lower layer has a superior etching resistance 
to an upper layer and selectively removing a portion of it only in the charge holding 
capacitor portion by utilizing the different resistance, the interlayer insulating film can 
be formed thick and the insulating film of the capacitor portion can be formed thin with 
good controllability even when a transparent conductive film of an ITO film or the like 
is used as the bottom electrode of the charge holding capacitor. Consequently, a 
capacitor having sufficient capacitance to display images can be easily formed without 
occurring defects such as a leakage, a short-circuit, and the like of the wires in the gate 
portion and the crossed portion, thereby a highly reliable thin film transistor with 
favorable display characteristics and operation characteristics can be realized with 
preferable yield. 
[Embodiments] 

Hereinafter, an embodiment of the invention is described with reference to FIG 
1. FIG 1 shows cross sectional views and manufacturing steps of a polycrystal silicon 
TFT as an embodiment of the invention. A SiC>2 film formed by the ECR microwave 
plasma CVD method is used as a first layer interlayer insulating film and a PSG film 
formed by the normal pressure CVD method is used as a second layer interlayer 
insulating film as an example. The SiC>2 film obtained by the ECR microwave plasma 
CVD method is dense and has an almost equivalent etching rate against a fluorinated 
acid-based etchant to the SiC>2 film formed by thermal oxidization. On the other hand, 
the PSG firm formed by the normal pressure CVD method is porous in general and has 
quite a high etching rate against a fluorinated acid-based etchant. (When the etching 
rate of the ECR microwave plasma CVD-SiC>2 film is 1, the etching rate of the normal 
pressure CVD-PSG film is 10 to 20.) A selectivity of the first and second layers of the 
interlayer insulating film against a fluorinated acid-based etchant is sufficiently high, 
thereby the second layer normal pressure CVD-PSG film only can be selectively 
removed by etching and the thickness of the insulating film of the charge holding 
capacitor portion can be formed sufficiently thin with good controllability. In addition, 
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as the first layer ECR microwave plasma CVD-SiC>2 film which directly contacts the 
bottom electrode of the charge holding capacitor portion is not required to be removed, 
a transparent conductive film of an ITO film or the like without resistance against a 
fluorinated acid-based etchant can be used as the bottom electrode. 

It is to be noted that similar can be applied to dry etching as well since a 
fluorinated acid-based gas is used as an etching gas. 

Hereinafter the manufacturing steps are described. First, a semiconductor 
layer island 102 formed of a polycrystal silicon film is formed over a glass substrate 101 
(FIG 1(a)). Next, a gate oxide film 103 and a second polycrystal silicon film 104 are 
formed by the normal pressure CVD method over the semiconductor layer 102 and 
patterned by photo-etching to form a gate electrode shape. Then, a source-drain region 
105 is formed by ion implantation. Subsequently, a metal film of Al or the like is 
deposited and a first layer electrode wire 106a is formed by photo-etching. Then, a 
transparent conductive film of an ITO film or the like is deposited and patterned by 
photo-etching, thereby a bottom electrode 107a of a charge holding capacitor is formed 
(FIG 3(b)). The steps up to here are the same as the manufacturing steps shown in FIG 
3(a) to (c) of the polycrystal silicon TFT with the conventional structure. Next, the 
normal pressure CVD-PSG film 109 as the first layer interlayer insulating film is 
formed over a whole surface with a desired thickness as an interlayer insulating film in 
the gate portion and the crossed portion. Subsequently, the normal pressure CVD-PSG 
film is selectively removed in only the charge holding capacitor portion by 
photo-etching, utilizing the superior etching resistance of the ECR microwave plasma 
CVD-Si0 2 film to the normal pressure CVD-PSG film (FIG 3(d)). The following 
steps are the same as FIGS. 3(d) to 3(f). That is, contact holes are formed by 
photo-etching and a metal film of Al or the like is deposited, thereby a second layer 
electrode wire 106b is formed by photo-etching (FIG 1(e)). Finally, a transparent 
conductive film of an ITO film or the like is deposited and patterned by photo-etching 
to form a pixel electrode 307b, thereby a charge holding capacitor is formed (FIG 1(f)). 

In the aforementioned embodiment, the first and second layers of the interlayer 
insulating film are to be combined so that the first layer has a superior etching resistance 
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to the second layer so that the second layer only can be selectively etched. For 
example, a combination of an ECR microwave plasma CVDSiC>2 film as the first layer 
and a normal pressure CVD-SiC>2 film as the second layer, a combination of a normal 
pressure CVD-SiC>2 film as the first layer and a normal pressure CVD-PSG film as the 
second layer, a combination of a plasma CVD-SiNx film as the first layer and a normal 
pressure CVD-Si02 film or a normal pressure CVD-PSG film as the second layer, and 
the like can be suggested. 

Moreover, in the aforementioned embodiment, the interlayer insulating film 
may have a stacked-layer structure of three layers by using an insulating film with 
superior etching resistance as the second layer of the interlayer insulating film and using 
this insulating film as an etching stopper. In this case, an insulating film of the charge 
holding capacitor portion is formed of the first and second layers of the interlayer 
insulating film. For example, a combination of a normal pressure CVD-SiC>2 film or a 
normal pressure CVD-PSG film as the first layer, an ECR microwave plasma 
CVD-SiC>2 film or a plasma CVC-SiNx film as the second layer, and a normal pressure 
CVD-Si02 film or a normal pressure CVD-PSG film as the third layer, and the like can 
be suggested. 
[Effect of the Invention] 

By the invention, even when a transparent conductive film such as an ITO film 
with superior transmittance is used as a bottom electrode of the charge holding capacitor, 
the interlayer insulating film can be formed thick and the charge holding capacitor 
portion can be formed thin with good controllability. Therefore, a capacitor having 
sufficient capacitance for displaying images can be easily formed without occurring 
defects of wires in the gate portion and the crossed portion. As a result, a highly 
reliable thin film transistor with favorable display characteristics and operation 
characteristics can be formed with preferable yield. 
4. Brief Description of the Drawings 

FIG 1 shows cross sectional structures and manufacturing steps of a 
polycrystal silicon TFT of the embodiment of the invention. FIG 2 shows an 
equivalent circuit diagram of one pixel formed by the active matrix method. FIGS. 3 
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and 4 show cross sectional structures and manufacturing steps of a polycrystal silicon 
TFT having a conventional structure. 

101... glass substrate, 102 and 104... polycrystal silicon films, 103... normal pressure 
CVD-Si0 2 film, 106a and 106b... Al wires, 107a and 107b... ITO films, 108... ECR 
microwave plasma CVD-Si0 2 film, 109... normal pressure CVD-PSG film, 105... 
source-drain region forming portion 
Representative: Patent Attorney Katsuo Ogawa 
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Abstract of J P2 04 47 6 9 

PURPOSErTo improve display characteristics 
and operating characteristics by forming a 
plurality of insulating films having different 
etching resistances in such a manner that the 
lower layer has higher etching resistance than 
that of the upper layer, selectively removing 
only a charge holding capacitor to form an 
insulating film of the capacitor on a lower 
electrode. CONSTITUTIONS normal pressure 
CVD-PSG film 1 09 of first layer interlayer 
insulating film is formed in a desired thickness 
as the thickness of an interlayer insulating film 
of a gate and a cross. Then, the CVD-PSG film 
is selectively removed only at the capacitor by 
photoetching by utilizing the fact that the 
etching resistance of a ECR microwave 
plasma CVD-Si02 film 108 is higher than that 
of the CVD-PSG film. Accordingly, even when 
a transparent conductive film such as a ITO 
film is used as the lower electrode of the 
charge holding capacitor, the thickness of the 
interlayer insulating film can be increased, and 
the thickness of the insulating film of the 
capacitor can be thinly formed with good 
controllability. Thus, a thin film transistor 
having satisfactory display characteristic and 
operating characteristics can be obtained with 
high yield. 
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